Aim: To investigate effects of CpG oligodeoxynucleotide (CpG ODN) on the mRNA expression of transcription factors GATA binding protein 3 (GATA-3) and T-box expressed in T cells (T-bet) in asthmatic mice. Methods: An asthmatic mouse model was established and treated with CpG ODN. Total inflammatory cells and eosinophils in bronchoalveolar lavage fluid (BALF) were counted and inflammatory cell infiltration in lung tissue was evaluated. Interferon-γ and interleukin-4 concentrations in BALF and splenocyte culture supernatants were detected using an enzyme-linked immunosorbent assay. Transcription factor GATA-3 and Tbet mRNA expression in splenocytes and lung tissue were detected by reverse transcription-polymerase chain reaction. Results: Total inflammatory cells and eosinophils in BALF were reduced in the CpG ODN-treated group compared with the asthma group, and inflammatory cell infiltration in lung tissue was also significantly alleviated. CpG ODN treatment increased the interferon-γ concentration but decreased the interleukin-4 concentration in both BALF and splenocyte culture supernatants. GATA-3 mRNA expression was reduced in both lung tissue and splenocytes in the CpG ODN-treated group, while the mRNA ratio of T-bet to GATA-3 in splenocytes was increased. Conclusion: CpG ODN treatment inhibits airway inflammatory cell infiltration and regulates interferon-γ/interleukin-4 synthesis in asthmatic mice, possibly through a mechanism of downregulation of GATA-3 mRNA expression in both lung tissue and splenocytes.
Introduction
Asthma is a chronic airway inflammatory disease involving multiple inflammatory cells and cytokines. T-helper type 2 cells (Th2) are considered to play central role in the pathogenesis of asthma by producing a variety of cytokines such as interleukin (IL)-4, IL-5, IL-9, and IL-13 [1, 2] . These cytokines promote IgE synthesis and mediate airway inflammatory cells (such as eosinophil, mast cell, T lymphocyte and neutrophil) infiltration. On the other hand, T-helper type 1 cells (Th1) inhibit Th2 function by producing interferon (IFN)-γ. Recent studies show that bacterial DNA containing unmethylated CpG motifs, or immunostimulatory sequences (ISS), can induce strong Th1-polarized immune responses both in vivo [3] and in vitro [4, 5] . The induction of Th1 responses is thought to result from the ability of ISS (containing CpG) to induce activation and secretion of IL-12 and IL-18 by macrophages and dendritic cells [6, 7] , which promote IFN-γ production and polarize T-helper type 0 cells (Th0) to Th1.
Studies also show that T-box expressed in T cells (T-bet) and GATA binding protein 3 (GATA-3) are 2 T cell-specific transcription factors. T-bet promotes Th1 polarization while GATA-3 enhances Th2 polarization. In the present study, we investigated the effects of the CpG oligodeoxynucleotide (ODN) on the mRNA expression of transcription factors GATA-3 and T-bet in splenocytes and lung tissue in a mouse model of asthma.
Materials and methods
Mice and reagents Thirty-six male BALB/c mice (approximately 6-10 weeks old, purchased from the Shanghai Experimental Animal Center of the Chinese Academy of Sciences, Shanghai, China) were maintained in specific pathogen free (SPF) animal facility at Renji Hospital, Shanghai Second Medical University (Shanghai, China). The CpG ODN consisted of 20 bases containing 2 CpG motifs: TCCATGACGTT-CCTGACGTT was synthesized and purified by Sangon Biological Engineering and Technology (Shanghai, China), and ovalbumin (OVA) was purchased from Sigma (St Louis, MO, USA). IL-4 and IFN-γ enzyme-linked immunosorbent assay (ELISA) kits were purchased from JingMei Biotech (Shenzhen, China). Trizol reagent was purchased from Invitrogen (Carlsbad, CA, USA). Oligo(dT) 18 primer and 2×Master Mix were purchased from MBI Fermentas (Hanover, MD, USA).
OVA sensitization and challenge Mice were divided into 3 groups: (i) group A, control group; (ii) group B, OVA-sensitized and -challenged; and (iii) group C, OVA-sensitized and challenged, CpG ODN-treated. Mice were sensitized and challenged with chicken OVA as described previously [8] . Cellular count in branchoalveolar lavage fluid and lung histology Bronchoalveolar lavage (BAL) was carried out as in Kline et al [9] . After euthanasia, the trachea was cannulated and the lungs underwent lavage 3 times with 0.5 mL PBS. The lavage samples were processed immediately for total and differential cell counts. BAL fluid (BALF; 10 µL) was used for counting total inflammatory cells. The residual BALF was centrifuged (10 min, 2000×g ) and the supernatant was stored at -30 °C for cytokine detection. The precipitated cells were used to prepare cell slides, which were stained with hematoxylin and eosin (HE), and 200 cells were counted for differential cell counting. The right lung was preserved in liquid nitrogen for mRNA extraction, while the left lung was fixed with 10% formalin and embedded in paraffin. Sections 4-µm thick were used to prepare slides, which were stained with HE.
Measurement of cytokines Approximately 5×10 6 single suspended splenocytes were stimulated with 20 µg/mL OVA for 72 h, centrifuged (10 min, 2000×g ) and the supernatant was preserved for cytokine detection. The concentrations of IL-4 and IFN-γ in BALF and splenocyte culture supernatants were determined by using ELISA kits according to the manufacturer's recommendations.
Reverse transcription-polymerase chain reaction Total RNA was extracted from lung tissue and splenocytes using Trizol reagent, according to the manufacturer's instructions. Reverse transcription (RT) was carried out with 2 µg of total RNA using an oligo (dT) 18 primer, and polymerase chain reaction (PCR) was carried out using 2×Master Mix. The T-bet primer was designed according to Chakir et al [10] , while the GATA-3 primer was designed according to Ise et al [11] . The primer sequences were as follows: β-actin, sense 5'-GTGGGC-CGCTCTAGGCACCA-3', antisense 5'-CGGTTGGCCTTAG GGTTCAGGGGG-3'; GATA-3, sense 5'-GAAGGCATCCA-GACCCGAAAC-3', antisense 5'-ACCCATGGCGGTGA-CCATGC-3'; T-bet, sense 5'-AACCAGTATC CTGGTCCCA-GC-3', antisense 5'-TGTC GCCACTGGAA GGATAG-3'. PCR were run for 35 cycles and the annealing temperatures were as follows: GATA-3 and β-actin, 55 °C; T-bet, 57 °C. Semiquantitative RT-PCR was carried out using β-actin as an internal control to normalize gene expression for the PCR templates. The PCR product sizes were as follows: T-bet, 436 bp; GATA-3, 255 bp; β-actin, 245 bp. PCR products were electrophoresed in 2% agrose gel and the net intensity of the corresponding bands was analysed using Tian-Neng gel image software (Shanghai Tian-neng Technology Corporation, Shanghai, China).
Statistical analysis All data were expressed as mean± SD. Using Prism software, one-way ANOVA analysis was used to assess statistical significance between the different groups. P<0.05 was considered to be significant.
Results
CpG oligodeoxynucleotide reduced the total number of inflammatory cells and the percentage of eosinophils in branchoalveolar lavage fluid The total number of inflammatory cells and the percentage of eosinophils were (100.4± 7.1)×10 5 /mL and 43.3%±2.5%, respectively, in BALF from the asthma group of mice (group B). CpG ODN treatment reduced the total number of inflammatory cells and the percentage of eosinophils to (40.5±2.9)×10 5 /mL and 10.2%± 0.5%, respectively (Table 1) .
CpG oligodeoxynucleotide inhibited infiltration of airway inflammatory cells In asthma-group mice, lung pathological slides showed significant bronchial epithelial proliferation and shedding, bronchoconstriction and mucus production, as well as abundant inflammatory cell infiltra-tion in the airway wall. In CpG ODN-treated mice, lung pathological slides showed that bronchoconstriction, airway inflammatory cell infiltration and mucus production were alleviated significantly, compared with asthma-group mice ( Figure 1) .
Effects of CpG oligodeoxynucleotide on the interferon-γ γ γ γ γ concentration and the interleukin-4 concentration Compared with the asthma group, IFN-γ was increased in the CpG ODN-treated group in both BALF and splenocyte culture supernatants, but IL-4 was reduced in both BALF and splenocyte culture supernatants ( Table 2) . Effects of CpG oligodeoxynucleotide on GATA-3 and Tbet mRNA expression Compared with the asthma group, GATA-3 mRNA expression was reduced in splenocytes in the CpG ODN-treated group, although no difference was found in T-bet mRNA expression between the 2 groups. However, the mRNA ratio of T-bet to GATA-3 was increased in the CpG ODN-treated group compared with the asthma group ( Figure 2) . In lung tissue, CpG ODN treatment also decreased mRNA ratio of GATA-3 to β-actin compared with the asthma group (0.19±0.04 vs 0.35±0.04 , P<0.02). T-bet mRNA was not detected under the same conditions.
Discussion
Airway eosinophil infiltration is one of the most prominent characteristics of asthma [12] [13] [14] . In the present study, a typical asthmatic mouse model was established, as evidenced by increased total inflammatory cells, increased percentage of eosinophils in BALF, and obvious bronchoconstriction, mucus secretion, epithelial proliferation and shedding, and inflammatory cell infiltration in the lungs in the asthma group compared with the control group.
Prior studies have demonstrated that CpG ODN treatment inhibits asthmatic airway inflammation and increases Th1 cytokine IFN-γ while decreasing Th2 cytokine, IL-4 and IL-5 levels in asthmatic mouse models [15] [16] [17] . In the present study, our data showed that CpG ODN treatment reduced total inflammatory cells and the percentage of eosinophils in BALF when CpG ODN was administered (ip) after allergen sensitization. Lung tissue pathological slides showed that inflammatory cell infiltration were significantly alleviated in CpG ODN treated group compared with asthma group. The inhibitory effect of CpG ODN on lung inflammation was accompanied by increased IFN-γ levels but decreased IL-4 levels in both BALF and splenocyte culture supernatants. IL-4-producing Th2 cells are considered to play an important role in the immune reaction of local tissue inflammation [18] . Xie et al demonstrated that in a rat asthma model, the decrease in IFN-γ level was accompanied by an increase in IL-4 level, which resulted in a decreased IFN-γ/IL-4 ratio in the BALF after the sensitized rats were challenged with aerosol anti- gen [19] . These results suggest that the inhibitory effect of CpG ODN on airway inflammatory cell infiltration maybe the result of a downregulation of Th2 cytokine synthesis with an upregulation of Th1 cytokine synthesis.
Recent studies have shown that T-bet and GATA-3 are 2 major T helper-specific transcription factors that regulate the expression of Th1 and Th2 cytokine genes, and play a crucial role in T-helper cell differentiation. T-bet is thought to initiate Th1 development while inhibiting Th2 cell differentiation [20] . GATA-3 plays a pivotal role in the development of the Th2 phenotype while inhibiting Th1 cell differentiation [21] . Because asthma is a Th2-mediated airway inflammatory disease, both T-bet and GATA-3 may play an important role in the pathogenesis of asthma by directing Th0 differentiation. Finotto et al demonstrated that expression of T-bet in T cells from airways of patients with asthma was reduced compared with that in T cells from airways of non-asthmatic patients, suggesting that loss of T-bet might be associated with asthma [22] . Nakamura et al demonstrated that GATA-3 mRNA expression was increased significantly in the airways of asthmatic subjects and the number of cells expressing GATA-3 mRNA correlated significantly with reduced airway caliber and airway hyperresponsiveness [23] . Furthermore, GATA-3 mRNA-positive cells correlate significantly with the number of cells expressing IL-5 mRNA, and double in situ hybridization demonstrates that approximately 76% of GATA-3 mRNA-positive cells coexpress IL-5 mRNA and 91% of IL-5 mRNA-positive cells coexpress GATA-3 mRNA [23] . Blockade of GATA-3 mRNA expression by GATA-3 antisense oligonucleotides in lung tissue significantly inhibits Th2 cytokine production and airway inflammatory cells infiltration in an asthmatic mouse model [24] . Most studies have focused on the effect of CpG ODN on the Th1/Th2 cytokine balance in a murine model, but data regarding the effect of CpG ODN on the mRNA expression of transcription factors GATA-3 and T-bet have not been reported. In the present study, we first investigated the effects of CpG ODN on GATA-3 and T-bet mRNA expression in a mouse model of asthma. Our data showed that, compared with the asthma group, CpG ODN treatment reduced GATA-3 mRNA expression and increased the mRNA ratio of T-bet to GATA-3 in splenocytes, although no difference was found in T-bet mRNA expression between the 2 groups. In lung tissue, GATA-3 mRNA expression was also decreased in the CpG ODN-treated group compared with the asthma group. Chakir et al demonstrated that T-bet and GATA-3 gene expression reflected changes in Th1-specific cytokine IFN-γ and Th2-specific cytokine IL-4 in DO11.10 CD4 + T cells as well as in a mixed population of BBc rat splenocytes, and the T-bet/GATA-3 ratio reflects the Th1/Th2 differentiation status [10] . Our data demonstrated that CpG ODN downregulated GATA-3 mRNA expression both in lung tissue and in splenocytes, which may be an important mechanism for reducing Th2 cytokine synthesis in asthmatic mouse model. Moreover, as the mRNA ratio of T-bet to GATA-3 in splenocytes was increased in the CpG ODN-treated group compared with the asthma group, CpG ODN may also regulate T cell differential status by promoting Th0 differentiation to Th1. In summary, our data have shown that reducing GATA-3 mRNA expression both in lung tissue and in splenocytes may be an important mechanism for CpG ODN to regulate Th1/Th2 cytokine synthesis, thereby alleviating airway eosinophilia in an asthmatic mouse model.
